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METALU2ED BREATHABLE RUWS PH«ao C „ 
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cellophane. This is not an exhaustive list but rather is intended to show the variety, of substrates being 
..metallized. 

Oriented polypropylene is being used in capacitors, condensors and transformers. Polyester is being 
. used in roll leaf, stamping- foils, condensors, wall coverings, solar control and packaging. Polycarbonate is 
s used in. some graphic applications. PVC (only rigid can be used du to plasticizer evaporation during 
metallizing) is used in flame proof Christmas tinsel and holiday garlands. Polycarbonate, PVC and 
polystyrene are used in heavy gauges to make thermoformed trays. Polyimide in outer space applications - 
usually metallized with pure gold. Nylon is finding some limited applications, paper Is used in labels and 
cellophane in wrappers. 

10 Polyethylene and cast polypropylene are two films very familiar to the converting industry but not to the 
metallizing industry. Relative to polyester and OPP, polyethylene is heat sensitive, extensible and soft so 
that it must be handled with care. This difference is familiar to the converting industry where polyethylene is 
routinely printed at high speeds. Although polyethylene is not familiar to the metallized industry, it is being 
used as a metallized substrate by several metafiizers on a commercial basis. 
75 Metalized polyethylene is bright; is provides a rich lustrous metallic finish similar to the brightest of 
foils, although not as bright as the finish obtained with metallized polyester. 

Polyethylene is much softer than the oriented films commonly used. This softness contributes to 
greater flexibility, and in textile substitute applications, less crinkle noise and a more pleasing hand. 
Polyethylene is heat seaiable and thus can be formed into bags or pouches or it can be laminated to 
so another substrate that has been reverse printed. The combination of brilliant protected graphics and heat 
sealability can therefore be combined in a single web. Metallized polyethylene is vacuum formable, and 
when laminated to nylon can constitute the formable web of a meat package. 

The low infrared absorption characteristics of polyethylene make it an excellent reflector substrate.. 
Body heat emitted as infra-red {!R) radiation is reflected and returned by a metallized PE film instead of 
25 being absorbed where if can be conducted or converted away. This is particularly true of IR radiationJn the 
frequencies associated with normal body temperature. 

Embossed polyethylene makes available various surfaces that when metallized create an attractive 
visual impact This visual quality renders it suitable for use in many commercial applications. 

Then, metallized films, are already widely used. However, the invention's added feature of breathability 
ao lends even greater utility to the metallized film. For instance, a metallized breathable polyolefin film 
provides a very effective, light weight blanket, for camping; Such a film could also be used as an attractive 
outerskin, in combination, with a thin insulating material, in, for example, ski outfits and other active 
outerwear irr cold climates. 

While metallized films are both useful and attractive, it is difficult to obtain good adhesion of a metal to 
35 a relatively non-polar substrate such as a polyolefin. High electrostatic treatment levels are necessary. 
. Indeed, ten years ago industry experts generally believed that LDPE could not be metallized with good 
metal adhesion. 

.When the breathable film of the parent application was metallized, much better than expected adhesion 
was obtained. While not wishing to be bound by any theory, it is speculated that the better than expected 
40 adhesiorr may be due to the larger surface area exposed by the breathable pore spaces and/or the 
increased polarity of the breathable film caused by the fillers in its composition. Of course, the good metal 
adhesion and substantial retention of breathability properties may be due to some other phenomenon. 

45 SUMMARY OF THE INVENTION 

The present invention relates to a breathable metallized film produced by depositing a fine metallic 
layer on a breathable film.' The product exhibits excellent metal adhesion properties, is flexible, has a 
pleasing shiny metallic appearance and substantially retains the breathable properties of the unmetailized 
so film. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

55 • . 

Rim Forming Compositions 

Breathable films which form the basis of the pr s nt invention are produced from a precursor film .that 
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a given stretch ratio by adjusting the film speed and the stretching distance. The stretching distance is 
measured, between the point where the film starts to increase in width to the closest point where the film is 
fully stretched. For. stretching in the machine direction, strain is controlled for a given stretch ratio by 
controlling film speed and the gap between the first and second driven rollers. 

A range of stretching ratios from 1 :2 to 1:5 prove satisfactory for MD stretching with a ratio of 1:4 beinq 
preferred. A range of stretching ratios of 1:2 to 1:5 prove satisfactory to TD stretching with a ratio of 14 
being preferred. 

ma HT" Hf por permeabilitv of tne embossed film following stretching, as measured by the final 
WVTR of the film, waft found to be inversely related to the stretching temperature. Stretching at a 
temperature of about 45 C produced a film having a slightly higher WVTR than stretching at temperatures 

of aoout ou C. 

The stretched film can be heat set to stabilize the film for any subsequent processing at temperatures 
above the stretching temperature. The film can be heat set at any temperature above the stretching 
temperature and below the softening temperature to add stability. However, higher temperatures cause 
stiffness and some reduction in WVTR. Heat setting at about 80* C produced a softer film with substantially 
higher WVTR in comparison to heat setting at about 95 ' C. 

It is preferred that tension be maintained on the film during the heat setting and cooling to minimize 
shrinkback. Upon cooling to ambient temperature (i.e.. room temperature) or near ambient, the holding force 
may be released. The film may contract somewhat (snapback) in the TD but will retain a substantial portion 
20 of its stretched dimension. 

Heat setting can be accomplished by maintaining the film under tension in the stretched condition at 
the heat setting temperature for about 1 - 2 minutes. Preferably, however, the heat setting and coolinq is 
earned out while permitting the film to contract slightly, but still under stress. The controlled shrinkback of 
from 5 to 30%. preferably between 15 and 25%. of the maximum stretched width has given particularly 
is good results in eliminating storage shrinkage. 
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Metallic Rim Deposition 

In the preferred metallizing process rolls of breathable film are placed in a chamber which is evacuated 
to a very low pressure. The metal (usually aluminum) is then heated to about 1400*C at which point metal 
vapors nse and impinge upon the surface of the film being wound through the vapor 

The very low pressure of 10- to 10-5 Torr (1 Torr = 1 mm Hg) is necessary to give a sufficiently long 
molecular mean free path such that the metal molecules strike the film with sufficient force to adhere The 
temperature of about 1400 C is varied slightly to control the metallic vapor pressure and thus the rate of 
metal deposition. While the total cycle time is affected by web speed, cycletime is more a function of 
pumping time to reach the rarefied pressures necessary for metallization. 

Aluminum is the most commonly used metal because it is effective, low in cost, and has a low melt 
point. Other metals such as gold will also provide a reflective surface but at higher cost. A metal may be 
selected for a specific property such as environmental resistance, electrical conductivity or other desirable 
property. 

Metal thickness is measured both optically and electrically. Thickness can be expressed optically as the 
percentage of light transmitted through a metallized film, or it can be expressed electrically as resistance in 
ohms per square. Typical coatings measure 3 to 4 ohms per square with heavy coatings measuring less " 
than 1 ohm per square. An experienced metallizer operator can control metal deposition very closely by 
visually estimating the light transmittance through the film as it passes over a fluorescent tube in the 
chamber. The uniformity of the coating can also be visually monitored in addition to other control 
parameters such as source temperature and web speed. As an alternative to the operator visually 
monitonng light transmittance. the metallizing industry uses an instrument that measures optical density 
(O.D.) which correlates inversely with light transmission. For insulation, an O.D. of about 3.0 is desirable and 
as the O.D. decreases below about 2.0 these insulating properties decrease. 

Excellent metal adhesion is important for proper performance of a metallized film, especially in a 
laminate. Metal adhesion is tested in the industry by using a particular type of stick cellophane tape. The 
tap is applied to the metal surface and then removed. The tape is then examined for signs of metal pick- 
off. A readmg of 50% adhesion corresponds to half the tape area b ing covered. 100% adhesion indicates 
no metal was removed. Commercially metallized polyethylene has. 100% metal adhesion 

The metallizing process described is the preferred method but variations on the basic process may be 
used to good effect. For the d position of alloys, electron beam methods known in the art. are used 
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because the differing vapor pressures of the components In an alloy render the above described heated pot 
method inappropriate. 

s Example 1 

A metallized film was produced through the following steps. 

1) A poiyolefin, LLDPE; was compounded with calcium carbonate as a filler in a 50-50 blend ratio by 
weight. Polyisobutylene, with a medium high molecular weight in excess of 1 million, was dispersed into the 

to previously compounded mixture. 

2) The formulation described in step 1 was then cast extruded to form a film of 4-6 mir in thickness. 

3) This film was subjected to tenter stress with a cross-machine direction "stretch ratio of 4:1. The film 
became whiter and more breathable when stretched at 43 # C followed by heat setting treatment between 
65-95 *C. 

75 4) This breathable film was metallized with aluminum metal under high vacuum and resulted in a 

metallized structure having WVTR of approximately 6900 grams per square meter per day at 38' C and a 
Gurley value of approximately 800 seconds. '■ 

TABLE I 



Unmetaliized . 


Metallized 


Qurtey 


WVTR 


Gurley 


WVTR 


600 


8000 


786 


6938 



The invention has been described with reference to its preferred embodiments. Those of ordinary skill 
in the art may appreciate, from the description, changes and modifications which may be made to the 
so invention and which do not depart from the scope and spirit of the invention as described above or claimed 
hereafter. 

Claims 

35 

1 . A method of making a metallized breathable film, comprising the steps of: 
mixing a poiyolefin with a filler; 

extruding a precursor film from the poiyolefin/filler mixture; 

melt embossing the precursor film to impose therein a pattern of different film thicknesses; 
40 stretching the melt embossed precursor film to impart greater permeability in the areas of reduced 
thickness thereof in comparison to the areas of greater thickness; and 
coating the stretched film with a metal. 

2. The method according to claim 1, further, comprising the step of heat setting the stretched film at a 
temperature above the stretching temperature and below the softening temperature of the stretched film. 

45 3. The method according to claim 1 or claim 2, wherein the poiyolefin is a copolymer of ethylene and a 
C4-C10 aipha-olefin. 

4. The method according to any of the preceding claims, wherein the filler is calcium carbonate surface 
treated with calcium stearate. 

5. The method of claim 1,. wherein the precursor film is melt embossed with a diamond pattern. 

so 6; The method of claim 1, wherein the polyolefin/filler mixture contains between 15 percent to 35 
percent filler by volume. 

7. The method of claim 1 wherein said metal is aluminum. 

8. A method according to any of the preceding claims in which the precursor film is extruded from the 
polyolefin/filler mixture and subsequently melt embossed "to. impose therein a pattern of different, film 

55 thicknesses or in which a precursor film of the polyolefin/filler mixture is cast extruded onto at least one 
meit embossing roller to impose therein a pattern of different film thicknesses. 

9. A metallized breathable film, comprising: 
a poiyolefin and a filler; 
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a coating of a metal. 
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